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UHDVRQIRUWKHSURORQJHGSURFHVVLVWKHVWDWHRIWKHLQRFXOXP)RUWKHFKDUDFWHUL]DWLRQRI
WKHLQRFXOXPWKHQXPEHURIFHOOVLVLPSRUWDQWLHYLDELOLW\RIWKHFHOOVDQGWKHLUSK\VL
RORJLFDOVWDWH$FFRUGLQJWRWKHUHVXOWVRIWKLVH[SHULPHQWZHFDQFRQFOXGHWKDWWKHUHDUH
QRVLJQL¿FDQWGLIIHUHQFHVLQWKHQXPHURVLW\RI\HDVWFHOOVDQGDFHWLFIHUPHQWDWLRQEDFWHULD
EHWZHHQFHUWDLQFRPELQDWLRQVRIYHVVHOYROXPHDQGPHGLXP7DNLQJLQWRDFFRXQWWKDWWKH
GLIIHUHQFHVEHWZHHQWKHVXUIDFHRISHOOLFOHLVODUJHU33 ZKHUH31LVWKHVXUIDFH
RIWKHSHOOLFOHIRUWKHUDWLR9YHVVHO9PHGLXP  DQG3LVWKHUDWLR9YHVVHO9PHGLXP  
WKDQWKHGLIIHUHQFHVLQWKHKHLJKWRIWKHSRRORIOLTXLG LWVWLOOUHPDLQV
LQH[SOLFDEOHZK\WKHQXPHURVLW\RIFHOOVRIDWOHDVWRIRQHJURXSRIPLFURRUJDQLVPVIURP
WKHV\PELRWLFFRPPXQLW\GRQRWGLIIHU
7KHLQÀXHQFHRIFKDQJHRIWKHLQRFXOXPYLWDOLW\LHSK\VRORJLFDOVWDWHRIWHDIXQJXV
FHOOVLQWKHSHOOLFOHRQWKHUDWHRIWKHSURFHVVXQGHUWKHVDPHHFRORJLFDOFRQGLWLRQVLVSUH
VHQWHGWKURXJKWKHUHVXOWVRIWKHIROORZLQJH[SHULPHQW)LJXUHVDQG7KHSHOOLFOHIRU
LQRFXODWLRQZDVIRUPHGWKURXJKWKUHHSUHYLRXVNRPEXFKDIHUPHQWDWLRQVRQWREODFNWHD
ODVWLQJWHQGD\V
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7KHS+YDOXHVLQWKHIHUPHQWDWLYHPHGLDLQWKHSHULRGIURPWKHVL[WKWRWKHQLQHWK
GD\RIWKHSURFHVVDUHLQWKHUDQJHIURPWRDQGWKH\GRQRWGLIIHUIURPWKHYDOXHV
PHDVXUHGLQSUHYLRXVH[SHULPHQWV$OVRWKHGLIIHUHQFHVLQS+YDOXHVEHWZHHQWKHDSSOLHG
FRPELQDWLRQVRIPHGLXPYROXPHDQGYHVVHOYROXPHDUHPLQLPDOZKLFKOHDGVWRWKHFRQ
FOXVLRQWKDWWKHS+FKDQJHGRHVQRWGHSHQGRQWKHPHGLXPRUYHVVHOYROXPHEXWRQO\RQ
WKHPHDVXULQJWLPH
Fig. 3.&KDQJHRIS+YDOXHGXULQJNRPEXFKDIHUPHQWDWLRQLQGLIIHUHQWFRQWDLQHUV
ZLWKFKRVHQPHGLXPYROXPHV
Fig. 4.&KDQJHRIFRQWHQWVRIWRWDODFLGLW\GXULQJNRPEXFKDIHUPHQWDWLRQ
LQGLIIHUHQWFRQWDLQHUVZLWKFKRVHQPHGLXPYROXPHV
$FFRUGLQJWRWKHFRQWHQWVRIWRWDODFLGLW\WKHSURFHVVIRUWKHUDWLR9YHVVHO9PHGLXP 
HQGVXSDIWHUVL[GD\VDVWKHGHVLUDEOHOHYHORIVHQVRUDFLGLW\LVDWWDLQHGZKHUHDV
DIWHUHLJKWGD\VLWLVVHQVRU\OHVVDFFHSWDEOH±VPHOODQGWDVWHRIYLQHJDUGRPLQDWH:LWK
ODUJHUPHGLXPDQGYHVVHOYROXPHVXVHGWKHOHYHORIWRWDODFLGLW\H[FHHGLQJJODSSHDU
ZLWKLQWRGD\VDQGWKLVUHVXOWGRHVQRWGLIIHUIURPWKHUHVXOWVLQSUHYLRXVH[SHULPHQWV
,WKDVEHHQQRWLFHGWKDWWKHLQRFXOXP¶VYLWDOLW\XSWRDFHUWDLQYROXPHLQÀXHQFHVWKHUDWH
RIWKHSURFHVVWRFHDVHZLWKLQFUHDVHLQWKHPHGLXPYROXPH7KLVWUHQGFDQEHH[SODLQHG
E\WKHGLIIHUHQFHVLQVXUIDFHDQGPDVVRIWKHDSSOLHGSHOOLFOHV,QWKHXQLWRIPDVVLH
WKHVXUIDFHRIWKHSHOOLFOHWKHFXOWXUHRIWHDIXQJXVFRQWDLQVVLPLODUQXPEHUVRI\HDVW
DQGDFHWLFDFLGEDFWHULDFHOOVWRJHWKHUZLWKPHWDEROLWHVIURPWKHSURFHVVRIWKHLQRFXOXP
SUHSDUDWLRQ'XULQJWKH¿UVWGD\VRINRPEXFKDIHUPHQWDWLRQWKHFHOOVIURPWKHSHOOLFOHDUH
EHLQJUHVXVSHQGHGLQWRWKHPHGLXPDQGGHPRQVWUDWHSK\VLRORJLFDOPHWDEROLFDFWLYLW\,I
WKHUHLVDODUJHUQXPEHURIFHOOVRIVLPLODUSK\VLRORJLFDOVWDWHWKHSURFHVVLVIDVWHUZKLFK
PHDQVWKDWWKHGLIIHUHQFHVZLOOEHREVHUYHGWLOOWKHVWDWLRQDU\SKDVHRIWKHGHYHORSPHQWRI
WHDIXQJXVFXOWXUH7KLVDVVXPSWLRQKDVEHHQDGGLWLRQDOO\VXSSRUWHGE\WKHUHVXOWVRIWRWDO
DFLGLW\RILJOSURGXFHGLQWKHPHGLXPYROXPHRIOWKDWLVOIRUWKHVXUIDFHVRI
WKHVHYHVVHOVGRQRWGLIIHUPXFK
,QWKH¿QDOH[SHULPHQWWKHSRVVLELOLW\RIDSSO\LQJWKHSHOOLFOHLQDFRQVHFXWLYHSUR
FHVVHVRINRPEXFKDIHUPHQWDWLRQRQ5WDQMWHDZDVWHVWHG$WWKHVDPHWLPHWKHLQÀXHQFH
RIGLIIHUHQWPHGLXPFDSDFLWLHVZLWKVLPLODUXSSHUVXUIDFHVRIWKHYHVVHOVLQZKLFKWKH
SURFHVVZDVSHUIRUPHGZDVDOVRWHVWHG7KHUHVXOWVRIWKLVH[SHULPHQWDUHJLYHQLQ7DEOH
7KHLQRFXOXPWKHSHOOLFOHXVHGLQWKUHHFRQVHFXWLYHWHQGD\SURFHVVHVRINRPEXFKDIHU
PHQWDWLRQRQEODFNWHDZDVSUHSDUHGDQGGLYLGHGLQWRIRXULGHQWLFDOSDUWVHDFKSDUWEHLQJ
XVHGIRULQRFXODWLQJPHGLDLQWKH¿UVWSURFHVV,QWKHQH[WWZRNRPEXFKDIHUPHQWDWLRQVWKH
SHOOLFOHVZHUHDGGHGWRLGHQWLFDOYHVVHOVLHPHGLD7KHS+YDOXHVRIDOOEHYHUDJHVDIWHU
¿YHDQGVHYHQGD\VRIWKHSURFHVVZHUHRQO\VOLJKWO\KLJKHUE\XQLWVWKDQRIWKH
EHYHUDJHVIURPWKHSUHYLRXVH[SHULPHQWV
$FFRUGLQJIURPWKHKLJKHUFRQWHQWVRIWRWDODFLGLW\E\JOWKH¿UVWNRP
EXFKDIHUPHQWDWLRQGLIIHUVIURPWKHVXEVHTXHQWSURFHVV,QWKHVHFRQGDQGWKHWKLUGNRP
EXFKDIHUPHQWDWLRQDIWHUVHYHQGD\VRIWKHSURFHVVVLPLODUYDOXHVRIWRWDODFLGLW\ZHUH
PHDVXUHGLQWKHFRUUHVSRQGLQJFRPELQDWLRQVRIPHGLDDQGYHVVHOVYROXPH7KHVHUHVXOWV
DUHVLPLODUWRWKHRQHVIURPWKHSUHYLRXVH[SHULPHQWVDQGVKRZWKDWWKHSURFHVVHVDUHEH
LQJFDUULHGRXWXQLIRUPO\DVZHOODVWKDWWKHSHOOLFOHFDQEHXVHGLQFRQVHFXWLYHSURFHVVRI
IHUPHQWDWLRQRQ5WDQMWHD$WWKHFKRVHQHQGRIWKHVHFRQGDQGWKHWKLUGFRQVHFXWLYHNRP
EXFKDIHUPHQWDWLRQWKHQXPEHURI\HDVWDQGDFHWLFIHUPHQWDWLRQEDFWHULDFHOOVYDULHGLQ
WKHUDQJHRI±îIRU\HDVWVLH±îIRUWKHFHOOVRIDFHWLFDFLGEDFWHULD
,WLVLQWHUHVWLQJWRQRWHWKDWWKHUHZDVQRUHODWLRQHLWKHUWRWKHLQLWLDOPHGLXPYROXPHRUWR
WKHXVHGYHVVHOYROXPH%HVLGHVQRDQ\VRUWRIUHODWLRQVKLSEHWZHHQWKHYHVVHOPHGLXP
YROXPHZDVREVHUYHG
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&21&/86,21
$FFRUGLQJWRWKHUHVXOWVRIWKHH[SHULPHQWVZHFDQFRQFOXGHWKDWWKHSURFHVVRIELR
WUDQVIRUPDWLRQRIVZHWHQGZLQWHUVDYRU\ORFDOQDPH5WDQMWHDLQRFXODWHGE\WKHSHOOLFOH
LQWRNRPEXFKDEHYHUDJHLVVXFFHVVIXO+RZHYHU
7KHSURFHVVRIELRWUDQVIRUPDWLRQODVWVIURPWRGD\VGHSHQGLQJRQWKHUDWLRRI
WKHFDSDFLWLHVYHVVHOPHGLXPLHUHODWLRQRIWKHGLDPHWUHRIWKHYHVVHOKHLJKW
RIOLTXLGSRROK K
7KHUDWLRKODUJHUWKDQFDQEHWDNHQDVDOLPLWVRWKDWWKHSURFHVVRIELRWUDQV
IRUPDWLRQWRWKHOHYHORIWRWDODFLGLW\RIJOFDQEHFRPSOHWHGLQWKHSHULRG
QRWORQJHUWKDQWZRZHHNV
7KHUDWHRIWKHSURFHVVLVYHU\LQVLJQL¿FDQWO\LQÀXHQFHGE\WKHSK\VLRORJLFDOVWDWH
RIWHDIXQJXVSHOOLFOH
,QWKHWKUHHFRQVHFXWLYHNRPEXFKDIHUPHQWDWLRQVWKHUHLVQRFKDQJHVRIWKHDFWLYL
WLHVRIWKHFXOWXUH
$&.12:/('*(0(17
7KH¿QDQFLDOVXSSRUWRIWKH0LQLVWU\RI6FLHQFHDQG(QYLURQPHQWDO3URWHFWLRQRIWKH
5HSXEOLFRI6HUELD%71%LVJUDWHIXOO\DFNQRZOHGJHG
5()(5(1&(6
 *UHHQZDOW&-6WHLQNUDXV.+/HGIRUG5$.RPEXFKDWKH)HUPHQWHG7HD0L
FURELRORJ\&RPSRVLWLRQDQG&ODLPHG+HDOWK(IIHFWV-)RRG3URWHFW63

 -DQNRYLü,6WRMDQRYLü00LFURELDODQG&KHPLFDO&RPSRVLWLRQ*URZWK7KHUDSHXWL
FDODQG$QWLPLFURELDO&KDUDFWHULVWLFVRI7HD)XQJXV0LFURELRORJLD31
 6LHYHUV0/DQLQL&:HEHU$6FKXOHU6FKPLG87HXEHU00LFURELRORJ\DQG
)HUPHQWDWLRQ%DODQFHLQD.RPEXFKD%HYHUDJH2EWDLQHGIURPD7HD)XQJXV)HU
PHQWDWLRQ6\VW$SSO0LFURELRO18
 *UHHQZDOW&-/HGIRUG5$6WHLQNUDXV.+'HWHUPLQDWLRQDQG&KDUDFWHUL]D
WLRQRIWKH$QWLPLFURELDO$FWLYLW\RIWKH)HUPHQWHG7HD.RPEXFKD/HEHQVP:LVV
7HFKQRO31
 'XIUHVQH6DQG)DUQZRUWK(7HD.RPEXFKDDQGKHDOWKDUHYLHZ)RRG5HVHDU
,QW33
 5HLVV-'HU7HHSLO]XQGVHLQH6WRIIZHFKVHOSURGXFWH'WVFK/HEHQVP5XQGVFK83

 -DQNRYLü,6WRMDQRYLü0$FLGRJHQLFDQG$OFRKRORJHQLF3URSHUWLHVRI7HD)XQJXV
0LFURRUJDQLVPV0LFURELRORJLD32
 +RIIPDQQ1:KDWWKH.RPEXFKDFXOWXUHQHHGVWRVXUYLYHZZZVWRODIHGXSHRSOH
KRIIPDQQNRPEXFKDKWP




 )UDQN*.RPEXFKD+HDOWK\EHYHUDJHDQGQDWXUDOUHPHG\IURPWKH)DU(DVW(QQVW
KDOHUYHUODJ6WH\US
 &YHWNRYLü'0HWDEROLFDFWLYLW\RIWHDIXQJXVRQGLIIHUHQWPHGLXP06FWKHVLV
)DFXOW\RI7HFKQRORJ\8QLYHUVLW\RI1RYL6DG
 &YHWNRYLü '' 0DUNRY 6/ &XOWLYDWLRQ RI7HD )XQJXV RQ 6ZHHWHQHG:LQWHU
6DYRU\6DWXUHMD PRQWDQD/,,,0HÿXQDURGQDHNRNRQIHUHQFLMD
1RYL6DG3URFHHGLQJVERRN,,S
 0DUNRY6&YHWNRYLü'%XNYLü%³8VHRIWHDIXQJXVLVRODWHDVVWDUWHU
FXOWXUHIRUREWDLQLQJRINRPEXFKD´WK,QWHUQDWLRQDO6\PSRVLXP,QWHUGLVFLSOLQDU\
5HJLRQDO5HVHDUFK+XQJDU\5RPDQLD6HUELDDQG0RQWHQHJUR6]H
JHG&'5220))3
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ɂɫɩɢɬɚɧɚʁɟɦɨɝɭʄɧɨɫɬɞɨɛɢʁɚʃɚɤɨɦɛɭɯɚɧɚɩɢɬɤɚɨɞɡɚɫɥɚɻɟɧɨɝɪɬɚʃɫɤɨɝɱɚʁɚ
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